Performance analysis of AC-DC power converter using PWM techniques  by Singh, S.P. et al.
Energy Procedia 14 (2012) 880 – 886
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee of 2nd International 
Conference on Advances in Energy Engineering (ICAEE).
doi:10.1016/j.egypro.2011.12.1027
Available online at www.sciencedirect.com
 
Available online at www.sciencedirect.com
 
Energy
Procedia  
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
 
2011 2nd International Conference on Advances in Energy Engineering (ICAEE 2011) 
Performance analysis of AC-DC power converter using PWM 
techniques 
S. P. Singha, B. L. Narasimharajub, N. Rajesh Kumarc, a* 
a, b,c Department of Electrical Engineering, Indian Institute of Technology, Roorkee, India-247 667 
 
Abstract 
The AC-DC rectification has been accomplished by an uncontrollable diode rectifier or a line commutated phase 
controlled Thyristor Bridge. Both these converters offer a high reliability and simple structure they also have major 
inherent drawbacks. By controlling the firing angle, the DC voltage of the Thyristor Bridge can be regulated. Also 
power flow from the DC side to the AC side is possible, but because the polarity of the DC voltage must be reversed 
for this to occur. As a result, pulse width-modulated (PWM) rectifiers have been of particular interest and they have 
become attractive especially in industrial variable-speed drive applications in the power range from a couple of 
kilowatts up to several megawatts. This paper aims at the simulation study and analysis of Space Vector Modulation 
(SVM) and Direct Power Control (DPC) of three-phase AC-DC converter under various load conditions. 
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1. Introduction 
HE AC/DC power converters are extensively used in various applications like power supplies, dc 
motor drives, front-end converters in adjustable-speed ac drives, slip power recovery control of 
induction motors, HVDC transmission, SMPSs, UPSs, and so on. The authors have given a step by step 
procedure of generating the PWM pulse pattern for a voltage source inverter in detail. A different 
approach to PWM modulation is based on the space vector representation of voltage in the α-β plane. The 
α-β components are found by transformations [1]-[2]. The determination of switching instant may be 
achieved using space vector modulation technique based on the representation of switching vectors in α-β 
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plane. The SVM control algorithm can be simplified by eliminating the need for calculating the angle α 
which decides the sector [3]-[4]. Instead timings are used to decide the sector through the use of counters. 
Simplified algorithm for SVM PWM rectifier is established, which also gained high power factor and low 
harmonic distortion of line currents. SVM can be implemented by the representation of voltages in the α-
β. In this algorithm the switching states and the corresponding duty ratio are calculated directly based on 
the voltage commands in the space vector plane [5]. The new method of instantaneous active and reactive 
power calculation has been proposed [6]. The line power estimation is much less noisy; thanks to the 
natural low-pass behavior of the integrator used in the calculation algorithm [7]-[8]. In the direct power 
control method the voltage estimation is based on instantaneous active and reactive power of the power 
source according to a specific switching mode of the converter. Since the method deals with 
instantaneous variables, it is possible to estimate not only a fundamental component [9] but also harmonic 
components. The proposed technique enables the converter to control not the line currents but directly the 
instantaneous active and reactive power the system. It is based on relay-type control of the power with 
hysteresis elements and optimization of converter switching modes by using a switching table [10]. 
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(a) SVM technique                                                   (b) DPC technique 
Fig.1 Block diagram of PWM control techniques 
2. SVM and DPC Techniques for AC-DC PWM Rectifier 
The block diagram of SVM technique is as shown in Fig.1 (a). The output voltage is compared with 
reference voltage in the PI controller. The stationary estimator block has two inputs (input supply voltage 
and line current Im). The stationary estimator estimate Vα and Vβ. These reference currents are wished to 
be the actual currents in the next switching period. The controller shown in Fig.1 (a) consists of outer bus 
voltage regulation loop and inner phase current regulation loop. By comparing the actual bus feedback 
(Vdc) with the desired bus voltage (Vdc ref) and passing the error (∆V = Vdc ref - Vdc) through a PI controller, 
the outer loop generates the amplitude of the current reference (Im*) [6]. Then the reference currents can 
be obtained by modulating the amplitude with sinusoidal waves which are synchronous with phase 
voltages. These reference currents are the actual currents in the next switching period. By comparing two 
of the three phase actual currents with the corresponding reference currents, transforming the differences 
to stationary coordinates. In the stationary α-β coordinates under balanced situation, the voltage command 
(Vref) of rectifier's AC side is expressed based on the voltage commands as;                     
* * /ref s s s s s sV V R I L I T= − − Δ            ---- (1) 
2.1 Space Vector Estimator  
On the basis of the voltage commands Vα, and Vβ, in α-β frame determination of appropriate sector, 
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the switching states and the corresponding duty ratio has been made. There are eight combinations of 
switching state available for tracing the voltage command (Vref). Also, there are six active voltage space 
vector ( iV , i=l ... 6) and two zero voltage space vector ( 0V , 7V ), as shown in vector diagram.3.2. For 
example, the PWM sequences for the modulating vector located in sector-1. Then, T1, T2 and T0 are 
corresponding to the time intervals of active states 1V , 2V  and zero state respectively. The Fig.1 shows 
block scheme of stationary coordinate’s estimator. From the ac side three-phase current (ia,ib,ic) converted 
to two-phase current ordinate. As similar from the three-phase voltage calculates two-phase voltage 
ordinates and cosine values. The current coordinate are changed to voltage cosines. Now, actual Id 
compare with Im in PI controller will give the voltage vector coordinates. The input current voltage vector 
coordinates is compare to input voltage d-q coordinates and add with inductance drop. These d-q voltage 
vectors has converted to α-β coordinates [2]. 
  
2.2 Realization of SVM PWM technique 
The space vector PWM is realized based on the following steps:  
Step1. Space vector modulation required modulus and sector number. Below the mathematical 
equation are implement in the diagram 
|Vref| = √ Vα2+Vβ2                          ---- (2) 
Tan α = Vβ/Vα = ωst = 2πfst         ---- (3) 
Where, fs = fundamental frequency 
Modulation index m=Vref/Vd        ---- (4) 
Step2. To obtain the required rectifier input space voltage vector vr(t)=Vrmsejωt, the conduction times of 
the switches are modulated according to the amplitude and angle of Vr Vrm and ωs, are the peak voltage 
and angular frequency of the space voltage vector Vr respectively. The angle of Vr determines a region 
among six regions in the complex plane. The rectifier input space voltage vector Vr in Fig. 2 is modulated 
as follows; the duty cycles T1 and T2 of two space vectors Vα and Vβ adjacent to the required space vector 
Vr in a given region and the duty cycle To of the zero vector will be given then. 
 
Fig.  2.  Reference vector as a combination of adjacent vectors at sector-1 
 
Vr(t) = T1Vα+ T2 Vβ                          (5) 
 
T1 = Ts.m.sin(π/3-α)/sin(π/3)            (6) 
 
T2 = Ts*m*sinα/sin (π/3)                    (7) 
 
T0 = Ts-(T1+T2), 
Where Ts=1/fs and m-modulus index (0≤m≤1) is defined. Thus, the SVM technique utilizes three space 
vectors Vα, Vβ and Vo to generate the rectifier input voltage vector V, in the specified region. 
 
Step3: So that time separated seven different timing parts. At any time current lag the voltage, so at 
first part all converter in active. It means upper part of all converter gate signals is zero, this time duration 
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T0/4, next part must be give the corresponding sector triggering pulse. This time use T1/2, now reduce 
inductive value so here we use T2 signal this signal reduce inductive value. Now might be voltage value 
become high, we need to reduce voltage. So we select optimization of gate signal. This is not reducing 
switching sequence if here we use all upper converters triggering zero. So use all upper part converter one 
means trigger. Because before part already trigger one or two converter. So now this part (IV) if trigger 
all upper parts next part must be trigger T2/2, and soon trigger T1/2 and finally end part(VII)only remind 
T0/4, table[8] so that time trigger all lower part converters. This is best of reduce frequency and 
optimization of switching signal. Above explained in sector is how to implement one sequence of timing 
signal. Below flow chart multiple with carrier frequency. So the seven parts is including the one carrier 
signal. 
2.3 Realization of DPC PWM technique 
The accurate and fast estimation of the active and the reactive power is of primary importance in the 
DPC for PWM rectifiers. The Direct Power Control (DPC) is similar to the well-known Direct Torque 
Control (DTC) for induction motors. Instead of torque and stator flux, the instantaneous active (p) and 
reactive (q) powers are controlled. A block diagram control structure of DPC is shown as in Fig. 1(b).   
DPC is based on the instantaneous active and reactive power control loops. In DPC the converter 
switching states are selected by a switching table is based on the instantaneous errors between 
the commanded and estimated values of active and reactive power. The commands of reactive 
power qref (set to zero for unity power factor) and active power pref (delivered from the outer PI dc voltage 
controller) are compared with the estimated q and p values [10], in reactive and active power hysteresis 
controllers, respectively. The Errors between the commands and the estimated feedback power are input 
to the hysteresis comparators and are digitized to the signals dp and dq. The digitized output signal of the 
reactive power controller is can be obtained [8]. Also, the phase of the power-source voltage vector is 
converted to the digitized signal θn. For this purpose, the stationary coordinates are divided into 12 sectors, 
as shown in Fig. 3, and the sectors can be numerically expressed as   (n −2) π/6 ≤ θn < (n −1) π/6    where 
n = 1, 2...12. The optimum switching state of the converter can be selected uniquely in every particular 
instant using switching table. The selection of the optimum switching state is performed so that the power 
errors can be restricted within the hysteresis bands.          
         
 
Fig. 3 Sector selection for DPC technique 
 
The sampling frequency is few times higher than the average switching frequency for precise control 
of instantaneous active and reactive power and also for limiting the errors by the hysteresis band. No 
transformation into rotating coordinates is needed and the equations are easily implemented. This method 
deals with instantaneous variables, therefore, estimated values contain not only a fundamental but also 
harmonic components. This feature also improves the total power factor and efficiency. As shown in Fig. 
1(b), the instantaneous active and reactive power depends on position of converter voltage vector. It has 
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indirect influence on inductance voltage as well as phase and amplitude of line current. Therefore, 
different pattern of switching table can be applied to DPC.  
3. Results analysis and discussion  
The comparative analysis of the SVC and DPC control strategies during dynamic load changes and 
regenerative power flow has been made extensively under different load conditions. Also, the comparison 
of these control schemes on the basis of performances characteristics has been made extensively. Fig. 4(a) 
and Fig. 4(b) illustrate the transient operations with dynamic change in loads. Thus, confirms staring 
foramens’ SVM is better but load change at .5sec R=80ohm, E=250 with parallel of initial load R=80 
ohm and L=2mH DPC gives better regulation than that of SVM. 
 
                       (a) SVM technique                                                    (b) DPC technique       
Fig.4. Output voltage and current waveforms during load change 
 
        
(a) SVM technique                                                    (b) DPC technique  
Fig. 5 Regenerative mode for input line current and voltages 
 
 Fig. 5(a) and Fig. 5(b) illustrate the input parameters of SVM and DPC for regenerative modes of 
operations respectively. During changing from forward to regeneration mode, DC link current reverses its 
direction when change the converters running at load side load1R=80 ohm and L=2mH, and add E=700V 
DC Voltage series to the load at .5 sec. In SVM input current coming fast unity PF as compared to SVM 
but THD contain more in DPC for change in load conditions. The Fig. 6 to Fig. 9 illustrates the various 
comparative performance curves of SVM and DPC. 
4. Conclusion 
The performance analyses of the proposed SVM and DPC based PWM rectifier has been implemented in 
Matlab/Simulink environment. In contrast to SVM, the DPC of three-phase PWM rectifier is achieving 
unity power factor operation. Also, DPC control can be achieved possibly with indirect control of the 
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phase current by providing the reactive power command. The differentiation of the line current is avoided 
in DPC scheme. The simulation results obtained confirm that the transient response is better in SVM and 
the dynamic response is faster in DPC. In addition, the SVM gains high power factor with constant 
switching frequency and low THD as compared to DPC. These critical comparative analyses may help 
the researchers and designers to select the optimum control technique easily. 
                  
Fig. 6 Output power versus input current                              Fig. 7 Output power versus THD                 
 
                 
Fig. 8 Output power versus input power factor                              Fig. 9 Output power versus Efficiency 
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